Abstract. The aim of the study, was to estimate the reaction of selected circulatory system parameters to psychic workload in industrial managers and to answer the question whether may affect this reaction. The study was performed in 23 men (mean 46 ± 6 years of age) and 16 women (mean 42 ± 6 years of age), employed as executives in a large industrial plant. The subjects had their 24-h ECG recorded using Medilog 3000 (Oxford). The ECG recordings were classified as pathological according to the standards of Bjerregaard. Heart rate was calculated for working time, leisure time and sleep. The subjects were also asked to estimate the perceived psychic load according to a method involving subjective estimation of work-demands and of an ability to cope with them. Generally, the subjects reported high work demands, but coping abilities were higher than work demands. Both in the men and women, a relationship was found between the intensity of subjective estimation of psychic load and heart rate response. However, the reaction of the circulatory system to the psychic workload in men was long-lasting (its effects continued until late at night); in women it was more direct (only during work). The frequency of abnormalities in 24-h Holter ECG recordings for both test groups was not very high, a little higher in men (30%) than in women (25%), and was comparable with the frequencies in selected general population groups. Our results may indicate that mental workload of the managerial staff, does not cause increased frequency of ECG abnormalities. However, in view of the fact that cardiovascular diseases are more frequent among men than among women, different reaction of the circulatory system to workload should also be accounted for in an attempt to explain the sources of that phenomenon.
Introduction
In spite of extensive worldwide research, only as few as half of all cases of cardiovascular diseases (CVD) may be explained by the effect of conventional risk factors, such as some hyperlypidemies, hypertension, cigarette smoking, overweight, hypokinesia, diabetes. Many data indicate that also psychosocial factors, such as Type A behavior (Rosenman et al., 1976) , hostility (Cottington et al., 1986; Diamond 1982) , low socioeconomic status (Buring et al., 1987; Jacobsen and Theile, 1988; Pocock et al., 1987) , unemployment (Brenner et al., 1987) , social isolation (Cohen, 1988; House et al., 1988) may increase the risk of CVD.
The remaining CVD sources can probably be found among hazardous chemical and physical factors, and those known as occupational stressors. The Karasek jobstrain model (Karasek et al., 1981) is currently used to describe that stress. The job strain model suggests that the combination of high job demands and low decision latitude -called work strain-increases the level of chronic stress (Kristensen, 1994) . It is known that occupational stress may produce both overt psychological and physiological disabilities. In the US, for instance, 11 per cent of all occupational diseases are brought about by cumulative work-related emotional problems. Among these ailments, cardiovascular diseases are ranked at the fifth position (Levi, 1989) . During the recent decade, 14 major epidemiological studies which were conducted in Sweden, Finland, Denmark, Australia and Japan, revealed that job strain is an essential CVD risk factor (Netterstrom et al., 1991; Schnall et al., 1994) . Unfortunately, there is only scant information on this problem in Poland Knapikowa et al., 1990; Szadkowska-Stanczyk et al., 1991) . As CVD mortality in Poland accounts for about 53% of all deaths, the studies intended to explain the sources of that phenomenon seem particularly justified. Stressful lifestyle associated with managerial position is recognized by some authors as one of the risk factors of cardiovascular diseases; however the ability to predict stress response in any given individual remains poor (Seward, 1990) .
The literature data on strain as a response to workload in men and women are quite confusing (Karasek et al., 1987; LaRosa 1990) . According to Saab et al. (1989) , women react to stress with a lower increase in blood pressure and noradrenaline release than men do. Furthermore, according to Weidner et al. (1989) , men react to stress with greater blood pressure increase, whereas women, with a greater increase in heart rate. However, in women having a masculine type of career, the reaction to stress, as reflected by the change in catecholamines level, is similar to the men's reaction (Frankenhaeuser, 1983) .
In order to answer the question whether sex affects the reaction of the circulatory system to stress associated with managerial work, we have undertaken research to estimate the reaction of some circulatory system parameters to psychic workload in industrial managers.
The study is a part of a more extensive epidemiological study on the assessment of health status with special reference to risk factors and CVD incidence among the /ḿ anagerial staff in Lódz .
Materials and Methods
The study was performed in all subjects employed as executives in a large industrial plant: in 23 men (mean age 46 years) and 16 women (mean age 42 years). The study group included members of the board of directors, heads of departments and lower rank managers. Their activities included: construction of work schedules and control of their execution, approval of documents and invoices, attending current correspondence, participating in talks with foreign and Polish partners. Detailed characteristics of the group are presented in Table 1 . There were 6 tobacco smokers (37.5%) among females (including only one who smoked above 20 cigarettes daily) and 11 smokers among males (47.8%), with the mean daily number of cigarettes at 11. The mean number of smoking years was 13.5 ± 11.4 years for the males and 15.4 ± 7.6 for the females. Two men and 7 women reported that they drunk more than one cup of coffee daily. All subjects gave their formal consent prior to their inclusion to the study. Nobody had cardiovascular diseases diagnosed during routine medical examination.
The subjects had their ambulatory ECG recorded for 24 hours using Medilog 3000 (Oxford, UK) from two bipolar CS1 and CM5 leads. This method enables observation of the reactions of the circulatory system to the occupational and non-occupational stress. During the entire ECG registration the examined persons completed activity diaries noting duration of the periods of work, house chores, rest and sleep as well as the kind and duration of the performed tasks. Detailed description of activities (timing) allowed estimating energy expenditure. The values of energy expenditure for each activity were taken from literature (Grandjean, 1973) .
The ECG records were analysed and evaluated automatically and then reproofed visually to verify the occurrence of heart rhythm and conduction disturbances. ECG records were classified as pathological according to the recommendations of Bjerregaard (1983) . Besides, heart rate was calculated for working time, leisure time and sleep using Cardio Soft software (Temed-Zabrze, Poland).
The subjects were also asked to estimate the perceived psychic load according to the method developed at the Department of Work Psychology, Institute of Occupational Medicine in Lodz, Poland (Dudek and Makowska, 1986) . The method involves subjective estimation of work demands and the ability to cope with them. It includes six measures of psychic workload: mental difficulty, monotony, risk, responsibility, interpersonal conflicts and time pressure. The assessment involves a comparison of the subject's work with the description of tasks or names of professions to which particular values in points (1-9) are attributed. The scale for each type of the load contains nine descriptions of tasks or professions and the subjects were supposed to match their own work with one of these descriptions. The rating of work demands corresponds to the mean value of activities associated with workload basically as work performed by the examined subject. According to the authors of the method, three levels of assessment are possible both for work demands and the 
Results
During the recording time, men performed work for a longer period of time than women did (women worked for 7 hours and men for 8 hours 25 min. on the average), while the commuting time and the sleep time were similar in both groups. The energy expenditure during work was low, both in men and in women. However, during leisure time the energy expenditure was significantly higher ( Table 2 ). The majority of subjects devoted their leisure time to gardening and/or long walks and to manual work at home. The differences between energy expenditure at work and at home in both groups were found to be statistically significant (p=0.02). This difference in the level of physical activity was reflected by a difference in the heart rate only in women, whose leisure-time heart rate was higher than that at work. Heart rate in men was almost the same at work and during leisure. Heart rate at work was similar in men and women, whereas at household activities the heart rate was higher in women than in men (Table 2) .
Work demands were ranked quite high by the subjects (5 and more points of the 9-point scale). The highest-rank work demands in men were responsibility, interpersonal conflicts and time pressure, while in women the highest grade was assigned to interpersonal conflicts and mental effort. The lowest grade in both groups was given to monotony. The highest abilities reported by the subjects referred to responsibility, coping with time pressure and interpersonal conflicts ( Table 3 ). The mean values derived from the evaluation of the ability to cope with work demands in men exceeded the level of mean values for work demands. In women the abilities were lower than the work demands in the case of mental difficulties. In both groups the individual values varied to a large extent and there were some overloaded subjects (as interpreted by the authors, the subjects were overloaded in terms of facing the tasks which had been beyond their capacity of coping with them).
In the group of men, a significant correlation was found between heart rate at work and the subjective ranking of job monotony, as well as between heart rate at night and mental difficulties, risk and responsibility. In the group of women, there was a significant correlation between heart rate at work and the subjective ranking of the risk and conflicts (Table 4) . However, no relationship was found between heart rate at night and the parameters characterizing the psychic workload.
In the studied groups, dysrhythmia, conduction disturbances or ST segment changes were found in 4 women (25%) and 7 men (30%). Premature supraventricular extrasystoles (SVPBs) occurred in one woman and premature ventricular beats (VPBs) in 3 women and 4 men. These were multiform VPBs and/or bigeminy, pairs, runs (3 or more extrasystoles in sequence). Repolarization disturbances attributable to myocardial ischaemia were detected in 1 woman and 3 men (Table 5 ). Rhythm and repolarisation disturbances occurred mainly during work and were associated with emotional stress rather than with physical effort.
Discussion
Both for women and men, the work at the managerial position constituted a significant psychic workload, as evidenced by a relatively high heart rate during work when compared with energy expenditure. Nevertheless, both groups were well adapted to the job, as their abilities to cope with work demands were usually higher than the demands.
In comparing the group of men with that of women, the objective workload was found to be higher in men. They spent more time (8.5 hr vs. 7 hr) at work were in charge of a higher number of people (approximately 82 vs. 17 persons, respectively) and, as a result, a higher scope of duties. However, in the subjective assessment, the psychic workload was almost the same both among the male and female subjects. This may point to a better adaptation of men to that type of work. An interpretation like that is supported by the fact that heart rate at work, which may serve as a measure of workload, was only slightly higher in men than in women. Both in the men and women, a relationship was found between the intensity of subjective estimation of psychic load and heart rate response. However, the correlation between heart rate at night and the parameters characterizing psychic load in men indicates that the load was certainly high, since its effects continued until late at night. In women, however, a correlation was found only between the assessment of some workload factors and heart rate at work. Thus, the reaction of the circulatory system to the psychic workload in women was more direct but short-term. The level of heart rate at home was due to the intensity of leisure time activities. Energy expenditure at leisure did not significantly differ between men and women, which points to a similar level of physical activity in both groups. Higher leisure-time heart rate in women points to a low tolerance of physical effort. In spite of the fact that in men the leisure-time physical activity was similar as in women, the heart rate was significantly lower. This points to their better physical fittness and / tolerance of physical effort (Kozlowski and Nazar, 1984) .
The frequency of abnormalities in 24-h Holter ECG recordings for both examined groups was not very high 7/23 (30%) for men and 4/16 (25%) for women and was comparable with the frequencies in selected reference groups from the general population. In general, the frequency of abnormal Holter ECG recordings was a little higher in men than in women, which is consistent with the objective workload assessment. Unfortunately, we are not able to refer those frequencies to any literature data, as the reports on results of Holter monitoring in managerial staff are scant in the literature. This frequency was, however, remarkably lower than in people exposed to medium-frequency electromagnetic fields and to carbon disulphide (75% and 60% people with abnormalities, respectively) (Bortkiewicz et al., 1994; Bortkiewicz et al., 1995) .
The occurrence of cardiac arrhythmia has been previously observed in people with no organic changes in the circulatory system under stressful conditions, such as addressing the public, racing, car driving or undergoing psychological tests (Weiner, 1991) [32] .
The background of the 24-hour ECG abnormalities we have observed is not clear. The increased activity of the adrenergic system associated with the performed work, as evidenced by the increase of noradrenaline and adrenaline concentration in blood may be one of the possible causes of the described disturbances. It is known that the increase in myocardial noradrenaline concentration may lead to ventricular rhythm disturbances, including ventricular tachycardia (VT) (Vlay and Brook, 1987; Wennmalm and Wennmalm, 1989) . Stress-generating stimuli associated with the occupation may be the explanation for the heart rhythm disturbances during work.
Our results may indicate that mental workload of the managerial staff, whose work is usually associated with a relatively high decision-making, does not cause an increased frequency of ECG abnormalities; this is consistent with the data on CVD risk in the managerial staff published elsewhere (Hammar et al., 1992; Knapikowa et al., 1990) .
The results of our studies indicated that the reactions to occupational, psychic workload was a little stronger in men-the heart rate recorded during work and sleep was a little higher than in women and ECG abnormalities were more frequent. In view of the fact that circulatory diseases are more frequent among men than among women, different reaction of the circulatory system to workload should also be accounted for in an attempt to explain the sources of that phenomenon.
